Long virus-like particles were found in the apical region of the calyx in the ichneumonid wasp Diadegma terebrans. Replication began in foci of intranuclear inclusion bodies where long, 20 nm diameter electron-dense cylinders were produced. These putative nucleocapsids were released into the cytoplasm after nuclear disintegration and became enveloped in areas containing many membrane-bound vesicles. Mature particles appeared in large vacuoles and were released by cell lysis into the calyx lumen. The mature particles were enveloped, 65 nm in diameter with a 20 nm diameter nucleocapsid and a length of at least 1 ~tm with a long, narrow (20 nm diameter) end structure. This is the first report of a virus with such a morphology replicating in the family Ichneumonidae.
The ichneumonid wasp Diadegma terebrans, a parasite of the European corn borer Ostrinia nubilalis, has a specialized region of the reproductive tract which secretes a polydnavirus, D. terebrans polydnavirus (DtPV) into the calyx lumen (Krell, 1987) . This virus is similar to the polydnaviruses (Family Polydnaviridae; Stoltz et al., 1984; Brown, 1986) of other ichneumonid parasitoids such as Hyposoter exiguae and Campoletis sonorensis (Krell & Stoltz, 1980; Krell et aL, 1982) and is at a high concentration in the ovary lumen and in a channel at the apical region of the calyx. Further analysis of thin sections of D. terebrans calyxes at the base of the ovarioles has revealed the presence of a small nest of cells infected with much longer rod-shaped virus-like particles (DtLV for D. terebrans long virus).
The coexistence of two morphologically distinct viruses has been reported for individual wasps of two braconid endoparasitoid species [Cotesia (formerly Apanteles) congregatus and C. hyphantria]. The major type is the typical 'braconid particle' with enveloped rod-shaped nucleocapsids and the minor type is described as a long (up to 1000 nm) thin (30 nm diameter) virus-like particle (Stoltz & Vinson, 1977 . This latter particle is morphologically similar to the DtLV described in this report but the available micrographs are at too low a magnification to allow detailed comparisons.
In this report I describe both the ultrastructure and distribution of calyx cells which are infected by DtLV and the replication of DtLV with respect to viral morphology, morphogenesis and distribution in the reproductive tract.
Adult D. terebrans were obtained from cocoons supplied from a colony maintained by Thor
Arnason (University of Ottawa, Ottawa, Canada). The host insect was the European corn borer O. nubilalis.
Tissues were dissected into drops of HEPES-buffered saline (HBS; 50 mM-HEPES, 137 mMNaC1, 27 mM-KC1 pH 7.5; Gibco) on the inside of a Petri dish lid and rinsed in fresh drops of HBS. Fixation was in 4% glutaraldehyde (in HBS) at 4°C. Post-fixation was in 2% aqueous OsO4 and staining was in 2% aqueous uranyl acetate. Tissues were then dehydrated and 0000-7542 © 1987 SGM embedded in Epon 812. Thin sections were taken across the calyx at the apical region near the jufiction of the ovarioles. Chemicals for tissue preparation and microscopy were from Can EM, Guelph, Canada. Sections were collected on 100 mesh copper grids and stained in 2~ aqueous uranyl acetate. Electron microscopy was on a Philips EM 300 electron microscope.
The only apparent particulate component of the calyx lumen in D. terebrans was the polydnavirus DtPV, and DtPV-infected cells formed the major cellular component of the calyx wall. The few DtLV-infected cells present in the calyx formed a nest in the apical region of the calyx near its junction with the ovarioles.
Typical DtLV-infected cells were easily recognized by the region of densely stained chromatin located centrally within the spherical nucleus. Although several foci of fibrogranular material were observed within the central condensed core region (diameter 5 to 10 gm) of infected nuclei, only the larger ones (approx. 0.4 gm diameter and larger) contained long thin electron-dense rods presumably representing the initial development stage of DtLV nucleocapsids (Fig. 1) . Some of these nucleocapsids contained an electron-dense core, approximately 20 nm diameter, surrounded by a more translucent zone which was circumscribed by a thin electron-dense outer layer to give a total diameter of approximately 30 nm. The three layers are best seen in crosssections of nucleocapsids. The length of 'mature' nucleocapsids (containing electron-dense cores) varied and depended on the plane of sectioning. The longest ones observed were about 2 lam long (inset, Fig. 1 a) . In some cases, only the outer electron-dense layer was present and surrounded a less electron-dense core region ( Fig. 1 ). This was most readily seen in crosssectional profiles of such structures but could also be seen in longitudinal sections. In some developing nucleocapsids, part of the central core was electron-dense while the rest was less electron-dense. These forms probably represent nucleocapsids that have just begun to condense nuclear material. 'Mature' nucleocapsids with electron-dense cores were observed throughout the nucleus outside the central condensed region. Many of these were oriented randomly but many nucleocapsids were aligned parallel to each other in a hexagonal array (centre-to-centre distance of 40 nm; Fig. 1 ). The hexagonal packing of mature and developing nucleocapsids were also seen in the fibrogranular stroma.
Long virus-like particles were distributed throughout the cytoplasm of infected cells, often in regions containing membrane-bound vesicles (Fig. 2) . Although most nucleocapsids in the cytoplasm, which had the same diameter as those in the nucleus, were enveloped, some nonenveloped, naked ones could also be seen. At a higher magnification the 20 nm diameter DtLV nucleocapsids appeared to be surrounded by an envelope with the thickness and trilaminar appearance of a typical membrane. A fibrillar zone external to the envelope was also observed (especially in cross-sections) and gives the DtLV a total diameter of approximately 65 nm. The different layers are most easily seen in cross-sections of DtLV but can also be seen in longitudinal sections. While nucleocapsids in the nucleus were generally straight and rigid the DtLV seen in longitudinal section the cytoplasm were often somewhat serpentine. The longest profile seen was about 1 gm in length (Fig. 2c, inset) .
DtLV were usually in aggregates of two or more and were aligned parallel to each other in a hexagonal array in cross-section with a centre-to-centre distance of about 90 nm. Longitudinal, cross-sectional and oblique profiles of these well organized aggregates were readily apparent and the profiles shown in Fig. 2(b) were typical.
The significance of vesicles and whorls of endoptasmic reticulum is unknown but their presence in areas of DtLV (Fig. 2) was quite common and suggests a role in envelopment.
DtLV was also seen in vacuoles of different sizes present in some cells (Fig. 3) . Cells that contained these vacuoles appeared to be lysing and the vacuole development may be coincident with this process. The DtLV particles seen in these vacuoles have the same morphology and dimensions as those in the cytoplasm. Extracellular virus was often seen in areas containing cellular debris in the calyx lumen near DtLV-infected cells suggesting the release of virus by cell lysis and direct entry of virus into the lumen. In older female parasitoids (1 week postemergence) many remnants of lysed cells containing some DtLV were observed.
DtPV-infected cells were also seen in some sections containing DtLV-infected cells. In these regions a given cell was infected by either DtLV or DtP¥. Individual cells containing both viruses were never observed. DtLV was rarely seen in the calyx lumen and then only after a careful search of sections through the lumen which contained a high concentration of DtPV (Fig. 3) .
A model of DtLV morphogenesis can be constructed from the different morphological forms of developing DtLV in infected cells. Development appears to start in the condensed regions of the nuclei in the foci of fibrogranular stroma. Since replication initiates in the nucleus, the viral genome is presumably D N A . The nucleocapsids begin to develop and, in the larger foci which have accumulated sufficient material, start with the formation of the outermost sheath of the nucleocapsid cylinder. Condensation of the core material may start at one end~of the developing (Hess & Falcon, 1981) . In this system they too presumably function as intermediates in nucleocapsid assembly. The mature nucleocapsids gain access to the cytoplasm presumably after a breakdown of the nuclear envelope similar to that documented for Spodopterafrugiperda larval fat body cells infected with S. frugiperda granulosis The envelope of one virus appears to be continuous with the membrane of a cytoplasmic vesicle (double arrowheads). A cross section of naked nucleocapsids can also be seen in this array. The longitudinal section of a virus particle in (c) shows the ultrastructure of the enveloped nucleocapsid and the associated cytoplasmic vesicles. Inset shows the end structure (arrowhead) seen on the end of some virions. Bar markers represent 500 nm in (a) and 100 nm in (b) and (c).
virus (Walker et al., 1982) . The DtLV nucleocapsids must then quickly acquire an envelope since naked nucleocapsids were only rarely observed in the cytoplasm. The numerous membrane-bound vesicles present in the cytoplasm of DtLV-infected cells may be directly involved in enveloping the nucleocapsids.
The presumptive mature form of DtLV exists in the cytoplasm. It is a long (at least up to 1 ~tm) enveloped rod with a total diameter of 65 nm and a core diameter of 20 nm. An amorphous (perhaps fibrillar) layer exists external to the envelope. There may be a long, thin (20 nm diameter), enveloped projection at one end representing about one-third of the total length of the virion.
Some DtLV-infected cells appeared to be lysed and contained free cytoplasmic DtLV and DtLV-containing vacuoles. The exit of DtLV from infected cells may therefore occur by cell lysis and the vacuoles may simply represent areas of the cytoplasm where DtLV has become concentrated. No evidence of budding through the plasma membrane, as observed for polydnaviruses (Stoltz & Vinson, 1979) , was seen in DtLV-infected cells. Some, if not all of the DtLV eventually gains access to the ovary lumen and forms a minor component of the particulate fraction which consists mainly of DtPV (Krell, 1987) .
Several other viruses with long rod-shaped nucleocapsids have been described. There is a remote similarity between DtLV and a DNA virus of the tsetse fly Glossinapallipedes (Odindo et al., 1986; Jaenson, 1978) . This is a long (either about 870 or about 1175 nm), rod-shaped virus with a cross-sectional diameter of about 57 nm, which like DtLV replicates in nuclei (but in salivary gland cells) and often accumulates in large cytoplasmic vacuoles. It too is often seen in hexagonal arrays but individual virions do not appear to have a membrane envelope (Odindo et al., 1986) , although there is a somewhat electron-dense amorphous zone which surrounds the nucleocapsid (Jaenson, 1978) . The tsetse fly virus also appears to be straighter than DtLV. Other similar viruses include those from the syrphid fly Merodon equestris (Amargier et al., 1979) , the large elm bark beetle Scolytus scolytus (Arnold & Barson, 1977) and the honey bee Apis mellifera (Clark, 1978; Bailey et al., 1981) . However, the overall dimension and detailed morphology of these are unlike that of DtLV suggesting that DtLV is not related to any of them. There is currently no obvious taxonomic group of DNA viruses in which DtLV could be placed and it thus remains unclassified.
This report of DtLV in D. terebrans is the first evidence of a second virus coexisting with the typical polydnavirus and replicating in the reproductive tract of a parasitic wasp in the family Ichneumonidae. It is also the first report of a long virus (or virus-like particle) in this family. Morphologically similar enveloped long particles (ELP), have been described in three braconid wasps C. congregatus, C. hyphantria and Microplitis croceipes (Stoltz & Vinson, 1979 . The overall shape, structure and dimensions of the ELP is similar to that of DtLV and, like DtLV, is a minor particulate component of the calyx lumen. A long, thin end structure similar to that on ELP from C. congregatus and perhaps in M. croceipes (Stoltz & Vinson, 1979) was also detected in some sections of DtLV. The striking similarity between the ELPs in braconid wasps and DtLV suggests that they are closely related but this would have to be confirmed by molecular analysis (polypeptides and genome composition).
DtLV may be yet another virus in an endoparasitic wasp which may play a role in successful development of a parasitoid in the otherwise hostile environment of the host haemocoel (Stoltz, 1986) . Perhaps DtLV, like the ELP of C. congregatus, is injected during oviposition and enters cells of the parasitized host. DtLV could thereby influence the metabolism and physiology of a parasitized caterpillar to the benefit of the parasite. This would, however, need to be established by examining larvae of the European cornborer after parasitism by D. terebrans.
Viruses similar to DtLV may be present in the reproductive tract of other ichneumonid and braconid parasitoids and may simply have escaped detection by virtue of their low numbers in calyx fluid and the restricted site of replication in the apical region only of the calyx. A thorough systematic search in ichneumonid wasps like Campoletis sonorensis (Krell et al., 1982) some of the Hyposoter species (Krell & Stoltz, 1980 , Stoltz et al., 1981 and others may identify other DtLV-like particles and may establish whether they are important for successful parasitism.
